ABSTRACT 400 consecutive patients with SAH in a single neurosurgical center in Eastern Hungary.
█ INTRODUCTION
Subarachnoid hemorrhage (SAH) accounts for a minority of all stroke cases but its impact is severe as it strikes at a fairly young age and it is associated with high case fatality and disease burden. After the hemorrhage itself vasospasm is the leading cause of death and disability in SAH patients (14) . Angiographic vasospasm develops in up to 70% of the patients, whereas symptomatic vasospasm in 20 to 30% of the cases (7) . Several factors were proposed as predictors of vasospasm, such as age, sex, amount of blood on computed tomography (CT) (Fisher grade or other method), admission status etc. Results of these studies are controversial. Furthermore there are significant differences in definitions and methods used in these studies.
The aim of the present study was to identify predictors of symptomatic vasospasm in a prospective database of over puncture was performed when CT scan could not confirm SAH in spite of strong clinical suspicion. Cases resulting from secondary SAH (trauma, coagulation disorder, neoplasm, etc.) were excluded. Evaluated patients' characteristics were: sex, age, presence of aneurysm, Fisher grade (5) on initial CT scan (Table I) , hypertension, Hunt-Hess grade (9) on admission (Table II) , symptomatic vasospasm, and case fatality. If the patients were not capable of cooperation, relatives were asked for information. We defined symptomatic vasospasm as a clinical entity that includes a new, delayed focal neurological deficit or mental status decline without evidence of any other cause in SAH patients (6, 19) .
Statistical Analysis
Continuous variables were compared by one-way ANOVA, and categorical variables by χ 2 test. Univariate and multivariate logistic regression were applied to test predictive factors for symptomatic vasospasm. The following factors were tested as possible predictors: age (as a continuous variable and also as dichotomized at 50 years of age), sex, hypertension, Hunt-Hess and Fisher grade on admission, site of aneurysm (anterior versus posterior circulation). All of these factors were included in the multivariate logistic regression analysis.
Stepwise backward model was applied to find the independent predictors of symptomatic vasospasm. Statistical analyses were performed on Statistical Package of Social Sciences (SPSS) 22 software, SPSS Inc.
█ RESULTS
Between 1987 and 2004, 567 SAH cases were registered. In 457 patients we had unequivocal data whether clinical signs of symptomatic vasospasm did or did not appear. These patients were included in the present study. Female patients were significantly older and had hypertension more frequently (Table III) . Case fatality was 32.5%. There was no significant change in case fatality during the observational period. Aneurysms were verified in 94.9% of the patients.
Vasospasm
Symptomatic vasospasm developed in 22.5% of the patients, significantly more frequent in women. Only SAH cases with proved aneurysm were included in the logistic regression models. Applying univariate logistic regression Hunt-Hess grade 2 (OR: 2.9 (1.4-6.2) p=0.006) and 3 (OR: 2.4 (1.1-5.3) p=0.037), and female sex (OR: 1.8 (1.1-2.8) p=0.019) were predictive for symptomatic vasospasm (Table IV) . In multivariate logistic regression (including age, sex, HuntHess and Fisher grades, hypertension, aneurysm site) only female sex (OR: 1.8 (1.005-3.2) p=0.048) was predictive for symptomatic vasospasm. Age was tested as a continuous variable and also as dichotomized at 50 years of age.
█ DISCUSSION
Female preponderance is observed in most SAH study populations (3) . Ruptured aneurysms are the cause of SAH in 85% of the cases (21). In the present study the rate was higher, probably due to referring bias. The case fatality did not change significantly during the observational period.
The rate of symptomatic vasospasm was similar to data in the literature (7).
Amount and Location of Blood
The predictive validity of the Fisher grade for vasospasm was questioned (19) and a modified Fisher scale was proposed (6). Kramer et al. (12) found that the clinical performance of the modified scale is better. Hijdra et al. (8) developed a more comprehensive grading scale that is superior to the modified (16) . Although due to the earlier time period of the data collection we could not test the newer scales, our results support the necessity of reevaluation of the original Fisher grading scale. In our study the location of the ruptured aneurysm was not predictive.
Sex and Age
Our results suggest that female gender is predictive for symptomatic vasospasm. There are data that female sex is a risk factor for angiographic vasospasm (17, 18) , however the majority of the studies have shown no correlation between sex and the risk or incidence of vasospasm (7).
There are controversial reports regarding age (7, 14) . Several studies suggest that young age is a predictor for symptomatic vasospasm (2, 10, 15, 20) , however in our study young age did not predict symptomatic vasospasm. Smith et al. (19) concluded that sex, age, Hunt-Hess and Fisher grades are not predictive. Ryttlefors et al. (18) did not find age to be a significant predictor for either angiographic or symptomatic vasospasm. In Lanzino et al. large study (13) with 906 patients, using 5 age groups, there were more symptomatic vasospasms in the older age groups, but there were no significant difference in angiographic vasospasm among the age groups. Kale et al. (11) found that younger age (<50) predicted for symptomatic (Table V) .
Others
In univariate analysis, we found that Hunt-Hess grade 2 and 3 is risk factor for vasospasm. However it is difficult to diagnose symptomatic vasospasm in patients with high Hunt-Hess grade, so we have to be cautious with the interpretation. Even in our study in multivariate analysis Hunt-Hess grade lost its significance.
The study designs, age limits and vasospasm definitions are different in the studies, making it difficult to compare their results and explaining at least partly the observed differences.
The limitation of our study is the long period of data collection. Although the diagnostic procedures did not change during this period, patient characteristics and routine treatment might have changed considerably between 1987 and 2004. However, the outcome of SAH did not change significantly 
